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QUALITY CONTROL: A TOOL OF MANAGEMENT 





Management’s job is to combine the three 
productive factors: men, machines, and ma- 
terials so as to maximize product and min- 
imize cost. However, this maximum-minimum 
combination has a very important codicil. It 
is quality as well as quantity that is to be a 
maximum and the cost that is to be minimized 
is a competitive cost in the market place 


rather than the standerd cost of the cost 
accountant. Therefore the task would appear 
to be to employ the three productive factors 


in a manner that will lead to the highest 
quantity of product of a quality that will 
meet with market approval, andat a cost which 
will at least not exceed the costs of com- 
peting firms and preferably wiil be lower 
than those costs. 


There are four distinct ideas here: quan- 
tity, quality, market approval, cost. The 
four are closely interrelated in any manu- 


facturing operation and most of the compli- 
cations that make up the management problem 
grow out of these interrelations. It is 
balance between these ideas that management 
seeks when it aims at achieving the best 
combination in the use of the three factors 
of production. How does the search proceed? 
The formula is about as follows: 

a. design it correctly 

b. purchase the quality 

quired 

c. machine it according to design 

d. assemble it according to plan 
e. market it so as to meet consumer approval 
f. price it so as to meet competitive costs 


Management aims to implement the elements 
of this formula by all the devices which it 
can command. Through the years a prolifer- 
ation of such devices have become available. 
Most of these have been helpful, but not all 
of them have been efficient in the sense that 
they have contributed to the management prob- 
lem in proportion to their cost inenergy and 
money. 

Now a new aid to management, Statistical 
Quality Control, is becoming generally avail- 
able. Let us examine the relation of the new 
aid to the elements of the management formula. 

Quality Control records give to design 
engineering information on the tolerances that 
can be held during machine operations with 
existing equipment, information onthe failure 
of mating pieces to assemble as designed, in- 


of material re- 


formation on the ability of vendors and sub- 
contractors to hold dimensions and tolerances 
set up by the purchasing plant’s design de- 
partment, information on tolerances required 
in the design which are non-essential in the 
functioning of the product. In the design of 
new product Quality Control records will show 
relative advantages of alternate designs, and 
may show that one design is feasible with ex- 
isting equipment whereas another design is 
not. 

Quality Control methods provide a definite 
guarantee that materials received will meet 
the purchase specifications. Scientific 
sampling plans protect the purchaser from 
accepting poor quality material, protect the 
vendor fromrejection of good quality material, 
serve notice quickly of quality variation on 
the part of the vendor, reduce the cost of 
operating the receiving inspection department 
through routinizing operations and reducing 
the volume of inspection. Receiving inspect- 
ion records aid purchasing by providing a 
classification of vendors on the baesis of 
quality of material presented. 

Quality Control methods in themachine shop 
have proved to be one of the outstanding de- 
velopments of this war. Foremen and super- 
visors have learned that scrap is not necess- 
ary, that salvage departments can gradually 
approach the vanishing point, that rework and 
repair need not add a major increment to pro- 
duction cost, that quality is not inconsistent 
with quantity, that it is easier to control a 
process so that it conforms to the design than 
to be continually harrassed by deviations, 
exceptions, or design changes. Machine shops 
that have learned how to control excessive 
veriability and to take corrective action on 
assignable causes of variability are reaping 
a golden harvest in the form of lower unit 
costs, ability to meet production schedules, 
and better relations within the shop, with 
inspection, and with other plant functions. 

Quality Control sets standards in assembly 
and catalogs the quality of the work by re- 
cording types of faults, location of faults, 
repetitive character of faults. 

Quality Control results in a product in 
which the sales force canhave full confidence 
because they know that the quality warranty 
is based on precise factory knowledge. Custo- 
mer quality complaints will approach the van- 
ishing point when products are turned out 
under conditions of full statistical control. 

Quality Control procedure carries almost 
unlimited promise of cost reduction. More 
process information leads to improved design 
which eliminates wastes in production. Scien- 
tific sampling plans lead todirect reduction 
of costs in receiving inspection. Better 
quality in the receiving crib reduces cost of 
handling defectives in fabrication and assem- 
bly. Reduction of scrap, salvage, rework and 
repair lowers unit costsof production. Great- 
er output of good parts without. additional 
equipment or manpower also lowers unit costs. 
Reduction of assembly time through better 
fits, less defectives to replace, and the 
elimination of faulty work in assembly all 
point: to lower costs. A plant that applies 
Statistical Quality Control can meet con- 
petitive costs. 
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TOP MANAGEMENT VIEWS QUALITY CONTROL 





NM. Herbert Eisenhart, President 
Bausch and Lomb Optical Company 


This address was presented at the luncheon 
meeting which opened the First Quality Control 
Clinic sponsored jointly by the Rochester 
Queiity Control Bngineers and the Industrial 
Management Ceuncil of Rechester. 


A number of years ago when I first came to 
Rochester, I recall two slogans which were 
very prominent at the approaches to the city. 
There were large signs, on some of which were 
the words "Rochester-Where Quality Predomin- 
ates" and on others “Rochester-made Means 
Quality". These advertising termswere not just 
catch phrases to lure the interest of the 
passing motorist or passenger. They were, on 
the other hand, basically descriptive of an 
inherent objective of the people and at the 
same time quite aptly descriptive of the man- 
ufacturing establishments of this city. A 
listing of the varied manufacturers of Rochest- 
er reads like an honor role of those concerns 
where quality does really predominate. One 
can look over, for example, the equipment of 
a modern warship. And probably nowhere is 
there a greater concentration of our economic 
and material life; and inalmost every depart- 
ment of this complicated structure one finds 
washing machines, dental equipment, steril- 
izers, microscopes, photographic supplies, 
telephones and radio, thermometers, compli- 
cated machinery, fire control equipment, as 
well as many others. And what does the name 
Many, many times you will § see 
The presence of these 


plate say? 
"Meade in Rochester". 
Rochester made products is indicative of the 
high quality of the products, for a modern 
battlewagon of the United States is the very 
acme of perfection in every respect. 

I, of course, have just selected this 
particular example as a place where the re- 
quirements call for quality products, and 
fortunately this same condition obtains in 
many walks of life where a consciousness and 
@ respect for real quality and perfect per- 
formance does predominate. 

And so it is particularly appropriate, it 
seems tome, that this group should be gathered 
together here, today, in our city, for the 
conduct of this Quality Control Clinic. It 
is quite appropriate, too, that this activity 
should be taking place in these surroundings, 
and the size of this group is indicative of 


e desire to carry on many of these newer 
techniques which can make a contribution in 
the direction of improving further quality 
control as a function of manufacture. 
There is another significant feature in 
connection with this meeting to which I would 
like to call your attention, and that is, the 
fact that this group, newly formed, is affili- 
ated with the Industriel Management Council. 
Now it has been my privilege to have had «a 
very intimate relationship with this organ- 
ization for a considerable number of years and 
I am sure this affiliation is indicative once 
againof the broad-minded approach which those 
at the head of the Industrial Management Council 
have, looking to the ever-increasing evolution 
of the job of industrial management. From 
time to time the General Managers’ Group has 


seen fit to addnew divisions, thereby increasing 


the effective coverage of the field of business 
management and at the same time stimulating 
interest among a widening circle in the broad 
problems of effective management. This Quality 
Control Group, I amsure, will take its posit- 
ion along side of its kindred groups, such as 
supervision, production control, employment, 
industrial relations, and others which have 
already been organized and are an inherent 
pert of the Council. Here then is a favor- 
able climate and a going organization into 
which this new activity can be fitted and 
I am sure, with proper, sound, end practicel 
leadership, you will find the hearty and 
cooperative assistance of top management 
among a group of industries to whom the con- 
cept of quality is not new. 

Of course, quality control in its basic 
consideration presupposes an attitude of man- 
agement definitely interested in the quality 
of product produced. In other words, any 
manufacturing establishment can carry on its 
production program by depending upon the in- 
dividual workmen to do a good ich end so can, 
generally speaking, have svailable for public 
use products of quite es setisfactory quality. 
This isa condition which isvery apt to obtain 
with the inception of a new business-somebody 
determines that there ise# field for a product 
and the menufecture of this product is started 
in a small, easily controlled manner. When 
the business grows, however, and the number 
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of people involved becomes greater, any man- 
agement concerned with the maintenance of 
quality standards must find ways and means 
to safeguard this important concept. It is 
at this stage inthe evolution of the business 
that quality consciousness on the part of 
management must play a very important role 
and it is to meet this situation that some 
technique for the control of quality must 
have important consideration. With the chang- 
ing personnel in any factory organization, 
the quality concept must be constantly emp- 
hasized in order tomaintain the predetermined 
specifications of the finished product. As 
we look back over the last twenty-five years, 
I think it is safe to say that production for 
war purposes in many lines of manufacture has 
forced upon management a much more effective 
consciousness of this maintenance of quality 


standards. 

In World War I, many plants were brought 
face to face for the first time with the 
standards of effective performance on the 
Sub- 
sequent to that war, much time was spent in 
both the War and Navy Departments in the con- 


sideration of new and improved material. And 


part of many products for war purposes. 


in the intervening years as wecame into World 
War II, there had been developed very exten- 
sive manufacturing specifications for all kinds 
of war equipment, and with these hadalso been 
developed very important final specifications 
of inspection. I doubt if any circumstance 
or any condition involving the American manu- 
facturer has been more effective in bringing 
about not only this consciousness, but obviously 
as @ consequence the necessity of ways and 
means to safeguard the quality of the final 
product. 

The maintenance of quality, 
felt, is a matter of habit and I am sure that 


the greatest detrimental factor to the main- 


I have always 


tenance of the reputation for quality on the 
part of any business is a slovenly attitude 
on the part of the management, through superin- 


For this 


foreman, supervisor, etc. 


tendent, 
maintenance of quality standards, the entire 
organizetion must be constantly imbued with 
the habit of accuracy and thoroughness. Any- 
thing less than this is bound to lead to a 
minimum of good quality and the standards of 
any manufacturing plant are bound to suffer 
where supervision is allowed to become lax 
in its direction of the individual manufact- 


uring operations. 


I have been attempting to emphasize the 
importance of the quality concept as regards 
the soundness of any manufacturing organization 
and while this may seem axiomatic, the fact 
remains that in order to give wholehearted 
consideration to the question of quality con- 
trol, such procedure presupposes and is de- 
pendent upon the proper attitude of top man- 
agement. And so on this foundation, let us 
proceed to the cousideration of how quality 
control should function. This recently de- 
veloped function, I believe, should be looked 
upon as one of the most effective tools for 
the handling of the job of management. 

It is very interesting as one studies the 
evolution of American Private Enterprise to 
visualize the introduction successively of 
new controls. I suppose one can go back more 
than one hundred and fifty years when Eli 
Whitney first undertook his contract for 
12,000 muskets for our own U.S. Army. He 
took this contract at a very low figure, and, 
confronted with the obligation of delivery, 
he is credited with the first consideration 
of the use of interchangeable parts on @ con- 
tract involving mass production. The story 
of how he accomplished this interchangeability 
sounds simple to us now, but as a matter of 
fact it was a revolutionary procedure in pro- 
duction methods. He, of necessity, was forced 
to concern himself with quality, but I am 


thinking of his pioneering work from another 
angle. Ever since his time management hes 


developed one after another of these revolu- 
tionary concepts and from time to time out of 
these concepts has developed important, con- 
tinuing useful tools of management. We have 
had, for example, the evolution of the basic 
specifications in engineering in modern man- 
We have later had 
the constant control of inventories; we have 
had the application of the principles of 
scientific management, demonstrating primarily 


ufacturing establishments. 


the importance of line and functional organi- 
zation; we have had the evolution and the re- 
sultant importance of cost analysis and cost 
controls; and inrecent years we have had the 
constant perfecting of budgetary control in 
the complete functioning of a business. I 
could mention rany more phases of this man- 
agement evolution and yet I am sure you who 
are gathered here will realize the import- 
ance of this new tool inthe hands of efficient 
Management. 

American industry needs all these refine- 
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ments, realizing at all times that each one 
must justify its existence in the ultimate 
cost of the product. Quality control can 
meet this requirement even if it minimizes 
to a relatively small extent the production 
of scrap or other unsatisfactory product. I 
have never had any doubt in my mind that an 
effectively operated quality control pro- 
cedure will unquestionably justify the nec- 
essary expense. I believe then that quality 
control must be predicated in the first place 
on a comprehensive inspection program for the 
elements entering into the final product. 

Quelity control is a tool obviously of top 
management and serves as the means of knowing 
how the finished product is being produced. 
Those actually inthe manufacturing operations 
must do their job which means production to 
specified standards. 

And so I cannot help but feel that quality 
of performance on an individual machine is a 
definite obligation of the immediate super- 
visor in any particular department. The 
quality of individuel part manufacture is a 
problem which, generally speakirg, can be 
quite accurately determined bythe Engineering 
Department with tolerances given to the in- 
dividual operator. As the inherent parts of 
manufacture are brought together into sub- 
assemblies and final assembly, there enters, 
however, the consideration of top management 
for the performance of the finished product. 

Quality controi tor topmanngement involves 
on the one hand, the functioning of the finished 
product against a background of perfect per- 
formance and absolutely perfect workmanship, 
and on the other, the relative quality of the 
product of competition. This phase of the 
problem is one which, it seems to me, requires 
the consideration cf a member of the organi- 
zation quite apart from the actual manufact- 
uring responsibility. The careful appraisal 
of the finishes product asit is ready to leave 
the factory requires the judgment of some broad- 
minded individual who is constantly in touch 
not only with the competitor's product, hows 
it looks and how it functions, but also has 
before him constantly the complaints and ob- 
servaticns of the customers who are using the 
products of the plant. In the last analysis, 
the ultimate consumer is the boss who deter- 
mines what a plant will manufacture and whether 
its product is acceptable. It seems to me that 
top management must be concerned with and be 
constantly in touch with this viewpoint as 


determined by the quality control engineer. 
It is this appraisal of the performance of 
the finished product, as interpreted by the 
engineer, involving the reactions of the 
ultimete consumer which is of prime import- 
ance to top management. In order to make 
this quality control function of any business 
most effective, it is my belief that the de- 
termination of final inspection standards 
agninst which quality control records are 
kept is a function of the Engineering Division 
ef the business. In other words, the standards 
of finel inspection should be determined when 
the product is initially designed and at this 
point these various considerations can and 
should be taken into account. 

I should like here to pay my respects to 
the great stimulus given to this whole ques- 
tion of quality control by the recent use of 
statistical methods. When I say recent, I am 
talking of course, in relative terms, for I 
am told that this initial consideration byuse 
of ea quality control chart was first intro- 
duced in 1924 by W.A. Shewhart. During your 
session here today, you will no doubt discuss 
in some detail the advantages accruing from 
this method of procedure. I am sure, however, 
we are all tremendously interested in any 
technique which will ultimately reduce the 
percentage of defective work and for the accom- 
plishment of which accurate and effective 
quality data furnishes the necessary control. 
There is much that could be said concerning 
the development of this statistical procedure, 
and no doubt out of this wewill find increas- 
ing effectiveness in our aim of maintaining 
quality standards. To me the real gain from 
this new concept is in the assistance which 
the use of these methods will give in the 
maintenance of quality, and in the) sound pro- 
tection and justification for the expenditures 
involved in the various phases of quality con- 


trol. In the last analysis, all these tools 
of management must justify themseives from 


the cost angle and anything that will min- 
imize scrap, that will make the productive 
labor more definitely effective, and at the 
same time produce product of a satisfactory 
quality, will be a great boon to top man- 
agement. 

It seems to me then that quality control, 
standing definitely in line with the other 
primary tools of management, offers the ways 
and means for another safeguard for the Priv- 


ate Enterprise system inour American economy. 
(Continued on Pege 14) 
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MULTIPLE CHARACTERISTICS AS RELATED TO SAMPLING 





Vernon R. Grom, 


Section Head 


Statistical Quality Control 
Curtiss-Wright-Buffalo Plant 


One of the major sampling problems confront- 
ing Quality Control Operators today is the 
design of acceptance standards forparts which 
must be inspected fr multiple characteristics. 
Due to the complex nature, and variety of in- 
stalletions involved in the construction of 
the C-46 "Commando" Cargo Airplane, sampling 
of parts containing several characteristics 
has been a major problem in receiving in- 
spection at Curtiss-Wright. The following 
discussion is presented in the interest of 
those who are concerned with this particular 
phase of Quality Control. 

There are two major sampling inspection 
plans in operation at the Buffalo Plant, the 
first based on the Single and Double Sampling 
Inspection Tables developed by Harold F, Dodge, 
Quality Results Engineer, and Harry G. Romig, 
member of the Technical Staff, Bell Telephone 
Laboratories, New York City; the second based 
on multiple sampling. Other acceptance plans 
now in use have been developed by the Statis- 
tical Quality Control Section tocover special - 
ized problems. 

The objectives of sampling inspection at 
Curtiss-Wright are to promote efficient oper- 
ation of the receiving department, to improve 
quality, to increase production, andto reduce 
costs. Quality is improved by determination 
of the process average percent defective of 
each supplier. This information is reported 
to the Purchasing Department in the form of 
® comprehensive, "Vendor Classification", 
which provides the basis of action for better 
quality, discontinuance of contracts with 
non-cooperative suppliers, and the study of 
rejection percentages for all of the articles 
supplied by an individual vendor so that the 
Purchasing Department can rearrange the con- 
tracts of such vendor to permit him to con- 
centrate on high quality items, and to dis- 
continue production of poor quality items. 
Quality loss caused by the fatigue factor is 
checkmated through the medium of scientific 


selection of small, but representative samples, 





1. The writer wishes to express a debt of gratitude 
te Mr. H.F. Dedge for essistence through nuserous 
Suggestions end reading the wanuscript of this article. 
Nevertheless responsibility for the eccuracy of the 


content resets solely with the author. 


so that objective rather than quantitative 
inspection will be realized. Production is 
increased by climinating hold-ups inreceiving 
operations, and bylessening production dif fi- 
culties due to excessive handling of materials, 
a factor which invariably results in material 
distortion, as for example; in the case of 
bent tubing which later creates flaring di f fi- 
culties, due to out of round condition of the 
tubing. Inspection costs are reduced through 
the medium of sampling methods, and production 
costs are reduced through expedited disposit- 


ion of incoming materiais. 


In dealing with the problem of multiple 
characteristics, the prime consideration is; 
what will reject the part? If failure of any 
one of a number of characteristics will reject 
the part, then the whole piece must be rejected. 
On the other hand, if the characteristics are 
non-related, then each characteristic can be 
sampled individually. In Figure I dimension 
"B" must be concentric with dimension "A", 
therefore, dimensions "A" and "B" must be 
considered collectively. Conversely - Figure 
II shows a unit with a tubular attachment. 
Failure of the tube (A) would not justify re- 
jection of the unit (B). This item, therefore, 
contains non-related characteristics which 
can be sampled individually. While this is 
an elementary consideration, very frequently 
complicated sampling problems arise which can 
be dealt with only when one fully understands 
these fundamental considerations. 


“One of the advantages of recording the 
number of defects for each characteristic is 
that, if a lot of material fails the sample, 
and the material is urgently needed to keep 
production going, it is only necessary to 
detail the lot for those characteristics 
which failed the sample acceptance number. 

Suppose that piece parts areto be inspected 
for six characteristics. It has beendetermined 
that a lot tolerance of 5% (P_y = 5%) will be 
acceptable and that about 1% (p = 1%) of the 
vendor's material is defective. Thus for a 
lot of 6000 pieces the sample size will be 
185 and the acceptance number will be 5. 
(Dodge Romig Table, Lot Quality Protection, 
Single Sampling). Let the inspection record 
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be as follows: 





Characteristics A B C D E F Total No. 
of Defect 


No. of 
Defects i ff i Bon | 30 








The problemof the Quality Control Engineer 
may be stated as follows: Is the lot accept- 
able onCyraracteristics A, C, D, E, and F, but 
rejectable on characteristic B? Is the lot 
rejectable because the total number of defect- 
ives exceeds 5? The answer depends entirely 
on what was intended at the initial step of 
selecting py = 5%. If this figure were in- 
tended to be applicable to each characteris- 
tic separately, the answer tothe first quest- 
ion would be in the affirmative. The lot 
would require to be detailed with respect 
to characteristic B only. This is fairly 
loose inspection and should be recognized as 
such when it is employed. Tf the inspection 
plan contemplated that an acceptable lot should 
produce a sample containing not more than 
five defective pieces or defects (assuming 
that inspection ceases when a defect is 
found), the answer to the second question 
would be in the affirmative. This obviously 
is much tighter inspection. 

The reader will recognize that the plan 
which should actually be used for this case 
probably lies somewhere between these two ex- 
tremes, depending always on the purpose of 
the inspection as expressed in P_ * 5%. This 
point requires further elaboraticn. 

When defects are treated collectively i.e. 
the position is taken t»ct the presence of a 
defect inany one dimess.cn wroduces adefective 
Piece, then consideration must begiven to the 
effect of this decisiononthe selection of an 
applicable page and column of the Dodge-Romig 
Tables. If the Quality Control Engineer has 
determined that for a certain part he can 
afford to accept one lot in ten of material 
which is 5% defective, assuming that each 
characteristic is treated separately in 
applying the Table and that the material is 
about 1 per cent defective on arrival, then 
the average quality of this material in the 
receiving crib is from 1 per cent to 1.5 per- 
cent defective with respect toeach character- 
istic. This could mean that with six indepen- 
dent characteristics as many as 6 percent to 
9 percent of these pieces would fail toassem- 
ble. This is not satisfactory. Clearly the 
Quality Control Engineer intends thecondition, 


Pe = S%, p z 1%, toapply to pieces failing in 
assembly, i.e., he expects not more than 1,5 
percent of the pieces to be rejected inassembly. 
Hence this conclusion: If defects are con- 
sidered collectively the conditions, Py = 5%, 
P = 1%, will produce a desired result of not 
more than 1.5 percent assembly rejections. 
On the other hand, when characteristics are 
treated separately in the inspection plan it 
must be assumed that thedefective pieces will 
be additive (this assumption is not warranted 
to the extent that poor workmanship tends to 
be contageous), and in order to assure the 
desired protection the acceptance conditions, 
Pe * 2%, Pp « .2%, would probably be applicable 
to each characteristic. 

In line with this ergument we recognize 
three distinct cases inour receiving inspect- 
ion operations, two concerned with piece parts 
and one with subassemblies. In dealing with 
piece parts there are many examples in which 
the several characteristics are either func- 
tionally or structurally related and failure 
of any one will reject the piece. Opposite 
to this first case are other items making up 
the second case in which the several char- 
acteristics are independent. With subassem- 
blies the characteristics usually apply to 
parts which are separable and are in a nomin- 
al sense unrelated. If a subassembly must be 
inspected as aunit, it is treated like a 
piece part in dealing withmultiple character- 
istics. 

The illustrations inTable I have been made 
ultra simple in order to concentrate on the 
points involved. Case [ might be the inspect- 
ion of an ordinary nut with characteristic A 
being a check of the threads with a thread 
gage and characteristic B being a check of the 
outside dimensions of the nut in @ socket 
gage. These characteristics are unrelated in 


the sense that failure of the threads may or 
may not be accompanied bywrong sized hexagon. 
Here, it may be desirable toapply the inspect- 
ion plan to A and to B separately. Then, in 


case of double sampling only the character- 
istic failing the first sample would be check- 


ed in the second sample. If the sample failed this 
second trial, the lot should be detailed for 
the failing characteristic only. This last 
point should be adhered to whether the lot 
is detailed by the purchaser or returned to 
the vendor. Agreement between consumer and 
producer on this point will go a long way 


toward keeping these rejected lots intact 
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when they are returned to the producer for 


detailing. That is, such agreement will 
discourage a practice all too common at 
present of returning rejected lots to the 


producer’s stock bin. 


ILLUSTRATIONS OF DISPOSAL OF LOTS ACCORDING TO SAMPLE 
RESULTS FOR CHARACTERISTICS A AWD 6 UNDER THREE DiS- 
TINCT CONDITIONS. 


n= 350; n= 70; c 


TABLE I: 


i. (py = Sf, O = ID 























act ior PIECE PARTS SUBASSEMBLIES 
— ————_—_+-—_——_ 
on CASE 1: UMWRELATED [CASE it: RELATED | CASE Itt: SEPARABLE 
Lot CHARACTERISTICS CHARACTERISTICS PARTS 
teen ANAL TE EB Dds 
A 4 A 4 A 8 
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Reject 2 i i i 2 i 





























Case II is illustrated by Figure I and 


shows two major characteristics of a nut 
coupling. These two dimensions are related 


because the part will not assemble unless 
the concentricity of the two meets the draw- 
Thus 


reject 


ing requirements. failure of either 


dimension will the part. The accept- 
applied to 
Thet 


is, inspection of the sample can produce not 


ance number of one is, therefore, 


the two characteristics collectively. 
and that piece 


more than one faulty piece, 


can fail in only one characteristic. 


Obviously this would be an extremely tight 
acceptance requirement where several dimensions 
were being inspected. In that case the Quality 
Engineer must set the lot tolerance per cent 
defective (p_)- and the process average (p)at 
values which are consistent with the average 
outgoing quality limit (AOQL), which is accept- 
able in assembly, and theprocess average which 
the previous record of first samples shows is 
descriptive of the vendor’s quality. 

Case III is quite similar to Case J], but the 
separability of the components ofa _ subassen- 
ably make it worth while to present this third 
situation. It is illustrated by Figure II in 
which the connecting tube is readily dis- 
connected from the main unit. Failure of the 
mechanism in the unit would reject the part, 
but the tube quality is a separate character- 
istic. Three conditions of failure to pass 
inspection are conceivable: (1) unit reject- 
able, tube acceptable; (2) unit acceptable, 
tube (3) both rejectable. If 


either (1) or (2) occur’ for a particular lot, 


rejectable; 


it may be desirable to return only the reject- 
ed element to the vendor. This applies parti- 
cularly if the 


be possible to assemble acceptable tubes of 


item is "hot", because it may 


one lot with acceptable units of another lot, 


thus providing quick relief of an assembly 
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line shortage. Even though the item is not 
"hot", retaining the acceptable part of 
the subassembly may be desirable in order to 
encourege the vendor to detail and return 
the rejected element. 

Subassemblies which must be accepted or 
rejected in toto must be treated like Case 
Il. However, it may be desirable to in- 
spect separately for major and minor cher- 
acteristics. Presumably a higher value of 
A.0.Q.L. would be used for collective minor 
characteristics. 

The foregoing is intended to be illus- 
trative only, but it gives some idea of the 
procedures used in receiving inspection at 
Curtiss-Wright. We have put into practice 
the sampling techniques outlined, and they 
appear to solve satisfactorily the previously 
troublesome problem of dealing with multiple 
characteristics. 

In conclusion, product requirements, and 
applicable specifications provide the de- 
termining criteria for the establishment of 
sound acceptance sampling procedures. Above 
ali, there must be proper coordination of 
specification standards in receiving inspect- 
ion to cover all phases of ultimate product 
requirements sothat material will not be re- 


jected later in assembly departments. 


ADDERD UM 





In the introduction to"*Sampling Inspection 
Tables", the following statement appears: 1. 
"Where, nevertheless, it is desired to in- 





i. "Seapling Inspection Tebies", H.F. Dedge and 
H.G. Romig, John Wiley and Sons, New York, pp- 4-5. 


clude many inspcction characteristics at one 
inspection st&tion, it is sometimes convenient 
to express quality in terms of defects per 
unit rather than in terms of per cent detect- 
ive. In such instances upon converting the 
scale of the AOQL and lot tolerance values, 
the tables become generally applicable. For 
example, an AOQL of 10 per cent can be regard- 
ed as 10 defects per 100 units or .1 defect 
per unit. For this treatment the AOQL values 
listed in the tables are unaffected whereas 
the lot tolerance per cent defective yalues 
may be affected in some areas of the tables, 
but to a degree that is usually of no great 
practical significance.” 

It should be noted that this usage re- 
quires that pieces be inspected for all 
characteristics regardless of whether defects 
are found or not. Hence the number of defects 
recorded is likely to exceed the number of 
defective pieces. The values of p,, p and 
AOQL referred to in the quotation must be 
determined in a given case with this fact 
in mind, 

Quality Control operators should keep in 
mind that it is not easy to keep inspectors 
at work an piece parts after the first defect 
has been found. For this reason alone it may 
be desirgble to adjust lot tolerance and AOQL 
values for multiple characteristics rather 
than to shift to “defects per unit*. In other 
cases the finding of one type of defect may 
affect the tests for other characteristics. 

Despite the circumstances mentioned, it 
may well be that "defects per unit* will be 
used more commonly in the future in dealing 


with multiple characteristics. 
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SOCIETY REPORTS 





THE PHILADELPHIA SOCIETY 
Secretary: H. W. Poole, The Brown Instru- 
ment Company 


Philadelphia, 44, Pennsylvania 


The Philadelphia group has been holding 
meetings at Temple University the third Friday 
of each month. The meetings are held in Con- 
well Hall, Room 706, from 7:30 to 9:30 P.M. 
Yhile the group is small, a number of indus- 
tries are represented and some very interest- 
ing meetings have been held. Persons interest- 
ed in quality control are cordially invited 
to attend these meetings. Further information 


may be obtained from the secretary. 


THE STATE UMIVERSITY OF 
Secretary: Llioyd A, Knowler, 
sity of Iowa 
Department of 
Iowa City, Iowa 


1OWA 
State Univer- 


Mathematics, 


An intensive eight day course in Quality 
Control by Statistical Methods was held at 
the State University of Iowa, October 11-19, 
1944. 
try from eight 


Nearly 150 representatives of indus- 
states and officers and em- 
the armed forces attended the 
Of this number, 


the full eight-day course. 


ployees of 
executive session. over 70 
registered for 
Many more would have attended had additional 
facilities been available. 

Each of the three follow-up meetings held 
so far has been well attended and some ex- 
cellent reports have been made by represent- 


atives of industry trained in the techniques 
of statistical quality control. 

Installations have Leen made in plants 
having over 5000 employees producing several 
thousand items per day, and in plants having 
eight or ten employees producing less than 
forty items per day. 

A second course is scheduled to be held 
in Iowa City May 16-24, 1945. 
forms may be secured by writing Professor 


Lloyd A. 


Nomination 


Knowler at the above address. 


INDIANA SOCIETY FOR STATISTICAL 
QUALITY CONTROL 

Carl G. Schmid, Lukas - Harold 
Corporation 
Indianapolis, 


Secretary: 


Indiana 


The Indiana Society was formally organized 
in December, 1944 and on February 13, 1945, 
the first meeting was held. The officers are: 
Harry B,. Marsh, Perfect Circle Company, Presi— 


10 


dent; Arthur Bender, Delco-Remy, Vice-Presi- 
dent; William E. Gibbons, 
and Carl G. Schmid, Lukas-Harold, Secretary. 


Servel, Treasurer; 

At the all day meeting of February 13, 
papers covering diversified fields were pre- 
sented by Harry B. Marsh, Carl G. Schmid, 
Keith Ross, and Dr. Burr. Messrs. Martin, 
and Stoneburner of the U.S. Rubber 
Company told of the application of quality 


Boonton, 


control techniques in the manufacture of 
tire tubes. 

The next meeting of the Society will be 
held April 10 at which Dr. 


sampling inspection tables. 


Burr will discuss 


PITTSBURGH QUALITY CONTROL SOCIETY 
President: John V. Sturtevant, 312 Mc— 
Clellan Drive 


Pittsburgh, 10, Pennsylvania 


The next meeting of the Pittsburgh Society 
is scheduled for Saturday, April 14 and will 
be held in Room 113 Engineering Hall, Car- 
negie Institute of Technology, Pittsburgh. An 


informal discussion session is planned from 
10:00 A.M. to noon while the regular program 
will be given in the afternoon session from 


1:30 to 5:30 P.M. It is the policy of the 
Society to discuss all types of 


methods which find application in the 


statistical 
cone 


trol and improvement of quality in industrial 


work. Visitors arecordially invited to attend 
the meetings and to participate in the dis- 
cussions. For further information please 


address John V. Sturtevant. 


THE ILLINOIS QUALITY CONTROL GROUP 
Secretary: John W. Meinhardt, Gaylord 
Container Corporation 
St. Louis, Missouri 


Thirty-six men took part in the first con- 
tinuation meeting of the Illinois group on 
January 26. 
Nick Kouzmanoff spoke of the start of statis- 
tical methods at Microswitch. Mr. Adam Abruzzi 
discussed an overall quality improvement pro- 
gram at Perfex and Paul L. Hargitt, Sr. told 
how men and management were sold on 


Three reports were made. Mr. 


quality 
control at Lucas-Harold. 

Dr. Edwin G. Olds of OPRD was a guest at 
the meeting and at a round table discussion 
by the men who attended the December inten- 


Sive course, several interesting comments on 
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the introduction of statistical methods were 


brought out. 


SOCIETY FOR STATISTICAL QUALITY CONTROL 
Secretary: W. B. Rupp, Radio Corporation 
of America 


Harrison, New Jersey 


Meetings of the Society for Statistical 
Quality Control were held at Newark, New Jer- 
sey October 16 on the general subject of 
textiles, December 5 on the general subject 
of metal trades, and on February 14 on the 
general subject of quality control problems. 
Men prominent in each field were the speak- 
ers. The next meeting will be held March 29 
and will cover the electrical manufacturing 
field. Future meetings are scheduled for 
April 25 and May 25. 


At the February 14 meeting new by-laws 
for the society were adopted and officers 
for 1945-1946 were elected. will 
E.H. John- 
son and Johnson Company, P.S. 
Olmstead, Vice 
President; Radio Corporation of 


These men 


take office in July: Mac Niece, 
President; 
Bell Telephone Laboratories, 
W.B. Rupp, 
Secretary-Treasurer. 


America, The officers 


and three members at large compose the Ex- 
ecutive Committee. 

The Newark has 101 
Approximately 300 students have been 


in the Statistical Quality Control courses 


Society members. 


enrolled 


given in the Newark, New Jersey area in 1944- 
1945. These courses under ESMWT were spon- 
sored by Princeton University. Other courses 


in the Northern New Jersey area are being 
conducted under the auspices of Rutgers Uni- 


versity and Stevens Institute of Technology. 


SYLVANIA ELECTRIC PRODUCTS COMPANY, IWC. 
J. R. Steen, Manager 
Quality Control Engineering 
Quality Control, with the complete backing 


the 


Montoursville 


of the management, is a lively topic at 
Sylvania Electric Preducts 
Plant. Although there is no local organization 
corresponding to Quality Control societies 
elsewhere, thereis a group of men who attended 
M.A. Brum- 


baugh and who retain the enthusiasm he aroused. 


the recent course taught hereby Dr. 


Our activities have extended beyond mere 
enthusiasm. We are now in the midst of in- 
stalling a Quality Control system in our plant. 
A number of operations are being subjected to 
statistical examination and control charts 


have been posted at the machines to increase 


11 


their availability. An engineer was assigned 


to Quality Control work and the plant man- 


agement made it possible for him to attend 


the Rochester Convention. 


The experiences we are going through are 


quite similar to these encountered in the 


other plants heard from and we are trying 


to apply the lessons learned from Dr. Brum- 


baugh, the Rochester Convention and "Indus- 


trial Quality Control." 


QUALITY CONTROL ENGINEERS OF ROCHESTER 


President: Alfred L. Davis 
Bausch and Lomb Optical Company 
Rochester, N.Y. 


The March 26 meeting was held at the Cham- 
ber of Commerce with supervisors and foremen 
the Management 


and members of Industrial 


Council as guests. More than 300 members and 
guests listened to President Alfred L. Davis 
of Bausch and Lomb Optical Company outlining 
plans for coming quality control meetings and 


to Martin A. Brumbaugh, University of Buffalo 


speaking on "Quality Control is an Effective 
Tool of Management.” 
Dr. Brumbaugh developed the theme that 


Management's task is to utilize the factors 


men, materials, and machines, so as to maxi- 


the quantity of products of marketable 


The elements of 


mize 
quality at minimum cost. 
Man- 


this quadrumvirate are interrelated and 


agement'’s is correspondingly complex. 
The efficient means of unraveling management's 
to add a fourth 


By controlling quality through 


job 


tangled skein is factor, 
measurements. 
analysis of inspection and production records, 
management acquires sensitive indicators of 


in the absence of these 
devices are simply a closed book. The 


is better quality and greater quantity and at 


plant activities that 
result 


lower cost per unit of manpower, materials, 


and machine operation. 
with 


The presentation was interspersed 


illustrations selected toshow how use of the 
control chart procedure actually accomplishes 
the aims of the efficiency engineers, but 
does it quietly and with none of the undesir- 


able accompaniments of earlier efficiency 


engineering. 
will 


results 


In the postwar period management make 
increasing use of Quality Control 
to maintain sensitive contact with operating 


departments. 
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WEW DEVELOPMENTS 


In this section of each issue is presented one or more new developments 
in the field of Quality Control 


DEVELOPMENT OF REJECT LIMITS FOR MEASUREMENTS 


Alfred J. 
Colonial Radio Corporation 


Buffalo, 


In the January, 1945 issue of Industrial 


Quality Control a factor termed *b" was 
developed for use with the average range of 
several samples. The product_bR specifies the 
reject limits as related to the specification 
limits. Should the average of a sample fall 
on the reject limit, the tip of the frequency 
distribution represented by the sample will 
Thus 


only an occasional piece of the distribution 


just touch the specification limit. 
will fell outside the specification limit. 
If the average of a sample falls outside the 
reject limit, a portion of the frequency dis- 
tribution will fall outside the specification 
limit. This portion can be calculated and 
thus, 
outside of specifications will be known. 

The value of "b" 
(}, -Ag> 
by reason of the specification Limit being 
3 O removed from the X! If, for example, 
the specification limit is only 2 06 from 
the average, this will result in 2 O° of the 
frequency distribution being between the 
average and the specification limit and the 


the percentage of the pieces falling 


is determined from the 


expression The value 3 is used 


remaining GO’ between the specification limit 
and the tip of the distribution curve. 
50% of the curve area falls on each side of 


Since 


the arithmetic average of the distribution 
and as plus (or minus) 2 O'includes 47.725% 
of the area of one half the normal curve, the 
difference between S0% and 47.725% will be 
the percentage of the curve falling beyond 
20° and hence beyond the specification limit. 
By substituting 2 for the 3 in the expression 
(}, -49) a value for “b"” is obtained which 
positions the reject limits. So with an aver- 
age of a sample falling on the reject limit, 
2.275% of the distribution represented by the 
sample will fall beyond the specification 
limit. Figure 1 shows the division of the 
normal curve area when the specification 
limit is 2 0 from the average of the distri- 
bution. Also shown is the position of the 
reject limits as related to the specification 
limits. 
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By substituting various values of @' in the 
foregoing expression, values for "b" may be 
calculated for use in positioning the reject 
limits to allow any desired percentage of the 



































TABLE 1: VALUES OF O% FOR VARIOUS VALUES OF 
ACCEPTABLE DEFECTIVES 
ACCEPTABLE PERCENTAGES OF THE 
DEFECTIVES TOTAL FREQUENCIES 
ROUNDED |ACTUAL| BETWEEN X AND THE VALUES 
v q GIVEN VALUES OF O° or o 
0.0 - 1350 49.8650 3.00 
0.5 | .4940 49.5060 2.58 
1.0 .9993 49.0097 2.33 
1.5 |1.5003 48.4997 2.17 
2.0 |2.0182 47.9818 2.05 
3.0 |3.0054 46.9946 1.88 
4.0 | 4.0059 45.9941 1.75 
5.0 | %.9987 45.0013 1.645 
4 
10.0 0.0273 39.9727 1.28 
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distribution represented by the samples to -020, and .024 inches respectively. 
fall outside the specification limits. These The average range is .022 inches. Entering 
percentages are acceptable defectives. Table II at a sample size of five and a P, of 
As an aid in selecting proper values of @ , 1.0%, a value for "b" of .425 is obtained. 
Table I is presented. The percentage of the The product of bR is .009. This product when 
total frequencies between X' and the stated added to the lower specification limit and 
value of O° is obtained froma table of areas subtracted from the upper specification Limit 
of the normal curve. gives 1.509 and 1.531 for the lower and upper 
Calculation of the expression e) - A_) when reject limits, respectively. The averages 
the values of O given in Table I are subs- of all three samples are within the reject 
tituted for the 3 will give values of "b" as limits and the lot is acceptable. 
a function of lot tolerance defective. When The information obtained during the meas- 
values of dy and Ag (which are a function of urement of the above samples may be used to 
sample size and may be obtained from a_ table estimate the percent defective of the lot. 
of factors for computing three sigma control Entering Table II at a sample size of five 
limits) are varied, values of "Ee" a6 a again and this time at the next lower value 
function of sample size are obtained. The of Pe (0.5), a value for "b" of 0,532 is 
results of these calculations are shown in obtained. With these factors, lower and 
Table II. upper reject limits of 1.513 and 1.528 are 
An example will illustrate the use of calculated. The lot is between 0.5% and 
Table II. It is decided that a lot of ma- 1.0% defective since the average of one 
terial is acceptable if not more than 1% of sample is outside the reject Limit. As the 
the pieces are outside of the specification average of tx»e one sample is just outside 
limits. These specification limits are the lower reject limit and the average of 
1.500 to 1.540 inches for a certain dimen- the remaining samples are within, the lot 
sion. Measurements of three random samples is slightly more than 0.5% defective by 
of five pieces each give averages of 1.511, reason of pieces being outside the lower 
1.514, 1.513 inches and ranges of .021, specification limit. 
TABLE Ii: VALUES OF "b" AS A FUNCTION OF SAMPLE SIZE FOR VARIOUS VALUES OF ACCEPTABLE DEFECTIVES 
SAMPLE ACCEPTABLE DEFECTIVES 
SIZE 0 0.5 1.0 1.5 2.0 3.0 4.9 §.0 10.0 
ae “ T nibiieingpianiiien imate’ 
4 728 624 -403 .325 267 184 | .t2t 070 -. 107 
5 «713 » 532 425 356 ~304 231 175 130 -.027 
es -701 535 436 .373 326 259 : 208 | «167 022 
7 «690 +535 «443 ~ 384 339 276 228 -189 +054 
a eee pee —— + 7 
8 681 - 533 «445 -389 «347 - 287 | +242 +205 077 
9 673 +532 ~448 394 -353 ~296 T ~252 217 094 
> sa, ; Mabe. | al 
10 -667 -530 449 - 397 358 303 261 +226 106 
it «660 -528 «449 -399 361 -307 266 | +233 116 7 
a | 4 e 
12 -655 526 ~449 -400 - 363 311 271 -239 ~127 
_— | , - el 
13 -650 -524 ~449 401 - 366 «315 -275 ~244 ~135 
——— ss & q i. 
i4 ~646 ~522 449 »402 -367 317 -279 ~247 140 
ty - 1" { 
15 641 -520 ~448 »403 -367 718 261 251 «145 
pos ced | 
13 
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BUFFALO 


MEETING 





The Society of Quality Control Engineers 
held a technical session at the University 
of Buffalo Monday evening, March 12th. More 
than 100 members and guests gathered to hear 
a presentation of the quality control system of 
the characteristics of binoculars employed at 
Bausch and Lomb Optical Company of Rochester. 

Richard Eisenhart, Chief Inspector in the 
Iptics Section presented the organization 
plan of the Company. He stressed the advan- 
tages thet have resulted from an organization 
change which has separated bench inspection 
from production and placed inspection super- 
vision on the same level with production 
supervision. Both now report to the General 
Superintendent. 

Joseph Warren, Assistant Chief Inspector 
in the Mechanical Section presented the prob- 
lem of control of the mechanical components of 
the binocular. He showed measurement control 
charts telling the before and after story of 
their work. By charting the high level of 
scrap and rework and persuading production 
to change their methods, the product vari- 
ability was brought into agreement with 
drawing tolerances. At first, production 
supervisors were rather reluctant to put 
into effect recommendations of the quality 
control group, but a few successful improve- 
ments changed this attitude. 

Edward Close, Assistant Chief Inspector 
in the Mechanical Section explained the work 
that was done to improve the functioning of 
the binocular by correcting the mislocation 
of fixtures used to hold the instrument rigid 
during machining. The corrective action was 
obtained throughthe use of measurement charts. 
It is interesting to note that allowance had 


to be made for error inthe holding fixtures. 
Accordingly adjustments were made to some 
fixtures and others were replaced. By making 
allowance for this fixture variability, it is 
possible to control the variability of the 
dimensions of the components of the binocular. 
Both Mr. Warren and Mr. Close stressed the 
saving of man-hours and the increase in pro- 
duction that have resulted from lower scrap 
and less rework. 

William Bidlack, Assistant Chief Inspector 
in the Optics Section, discussed the compli- 
cated problems of control of optical charact- 


eristics of the binocular prism. Analysis of 
operating methods, changes in ways of doing 


things, and the development of worker cooper- 
ation have beenthechief improvement devices. 
However, the time is at hand when sufficient 
measurement information is available to permit 
the introduction of control charts. Perhaps 
the biggest saving thus far has come from 
better centering of prisms in the grinding 


and facing fixtures. 

Alfred Davis, Chief Inspector in Mechanical 
Section explained their method of making scrap, 
salvage, and rework cost available quickly 
through the use of mechanical tabulation equip- 
ment for keeping records. The record of reject- 
ions is sent tothe Cost Accountirg Department 
daily. Standard costs are applied and the 
whole record is transferred to tabulating 
cards. A tabulated cost of rejections becomes 
available to Management within a few days 
after the end of the week. Formerly this 
report came out six weeks late; the scrap 
costs were a dead issue, and action, if taken 
at all, was ineffective. Now Management's 


reaction i& decisive and immediate. 





TOP MANAGEMENT VIEWS QUALITY CONTROL 
(Continued from Page 5) 


As we look into the future, when our indi- 
vidual enterprises will have lost the biggest 
customer they have everhad, the Federal Govern- 
ment, the obstacles in the way of self-preser- 
vation will be increasingly complex. We will 
have not only more keen and effective com- 
petition from many new concerns in our own 
country, but foreign manufacturers will be 
eager to sell more of their products in this 
Top management of successful en- 


country. 
terprise in this country will be faced with 





tremendous competitive conditions, andyet I 
am sure that with top management viewing its 
obligations comprehensively, effectively and 
thoroughly, our American System of Free En- 
terprise can continue in a world concerned 
with the new concept of internationalism. 
This can be done, however, only through 
effective utilization of the available tools 
of management and among these the. contri- 
butions of quality control must be received 


with enthusiastic approval. 





ry us 
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ROCHESTER CLINIC 





The program of the first Rochester Clinic 
was presented in the January issue of INDUS- 
TRIAL QUALITY CONTROL. At the noon luncheon 
over 300 quality control devotees gathered to 
hear Mr. M. Herbert Eisenhart, President of 
Bausch and Lomb Optical Company, 
"Top Management Views Quality Control.” Mr. 
Eisenhart’s able address is 


explain how 


reproduced on 
earlier pages of this magazine. 

At the close of the luncheon all of the 
assembled group adjourned to the clinics, 
nine of which had been arranged to discuss 
as many phases of quality control procedure. 
The chairman of each clinic presented at the 
beginning an outline statement of the subject 
matter of the clinic and threw in some open 
questions calculated to stimulate the dis- 
This plan 

with the 


cussion period which followed. 


proved successful in each clinic, 


result that nine most constructive forums 
were held during the afternoon. To report 
these activities completely would require 


more space than is presently available. 


Accordingly what follows is merely a partial 
in the 


summary of the conclusions reached 


several clinics.!- 


CLinic | 
Suodject: Installing a Quality Control 
System. 
Chairman: George V. Herrold, Chief In- 
spector, Colonial Radio Corp- 
oration, Buffalo, New York. 


A quality control system should be install- 
ed gradually. The Colonial system was started 
with control of sub-assembly operations. The 
steps must inevitably be taken slowly while 


operators, foremen, inspectors and supervisors 
become accustomed to the presence of control 
records and become familiar with control chart 
procedure. The results from the first in- 
stallation should be presented to management 
This 


is a critical stage because failure to con- 


as a basis for extension of the system. 


vince management at this point will impede or 


even prevent further development. At Colonial 


i. The Industrial Maenaegement Council of Rochester has 
prepered « detailed mimeographed report of the clinics. 
This cen be obtained by writing to Mr. Devid 
Industrial Manegement Council, Cheea- 


$5 St. Pewl Street, Rochester, 


report 


Crockett, Manager, 
ber of Commerce Bidg., 
New York. 
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expansion from sub-assembly control was grad- 
ual into final assembly andtesting, receiving, 
and machine shop. At each step it was possible 
to demonstrate savings far in excess of» the 
costs incurred. 

A training program should be started early. 
The exact form which this program will take 
depends upon conditions ina given plant; par- 
ticularly upon the person or persons available 
instruction and the organization 
But the 


include operating supervision and operators 


to give the 


plan of the plant. training should 


on one hand, and management supervision on 
the other. 

It is highly essential that the Quality 
the 


should weigh carefully the consequences of 


Control Engineer. in charge of system 


in his program. One unsound move 


fatal 


each step 
can easily be to his future progress. 


Presumably the man in charge of a quality 


trained 


control program should be a engineer, 


although long time familiarity with plant 
engineering practice may be an acceptable 


substitute. 
CLIWic 11 


The Function of Statistics in 


Process Quality Control. 


Suodject: 


Edwin G. Olds, Chief Statistical 
Office of Production 
War 
Washington, 


Chatrman: 
Consultant, 

and 
Board, 


Research Development, 
Production 
Bp. C. 
A controlled process is predictable; an 
uncontrolled process is wholly unpredictable. 
The entire basis of maintaining dimensions 
within tolerances in production is the estab- 
lishment of a state of control ata satisfact- 
The method of doing this is 


the control chart with 


ory level. through 


its statistical limits 
and the accompanying statistical application 
in determining whether the natural tolerance 
is consistent with the drawing 


The result of the 


of the process 
tolerances of the engineer. 
Statistical work may be a confirmation of the 
more likely corrective 
the 


process as it is; 


action to achieve control and reduce 


natural tolerance may be indicated, or an 


adjustment of the engineering limits may be 


in order. Whatever the particular circum- 


stances, this sequence of analytical steps 
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is simply «a closed book without the control 
chart procedure. 

The effectiveness of a control system de- 
pends entirely upon the soundness of the chief 
operator. <A good engineer who is willing to 
acquire a modest emount of statistical know- 
ledge has a better chance of succeeding than 
a good statistician who lacks practical en- 
gineering knowledge. A control system should 
be closely ellied to the engineering depart- 
ment, although it may be preferable to have 
the authority of the control function stem 
than 


through the head of the engineering depart- 


directly from head management rather 


ment. The precise mechanics of authority 
must be adopted to a particular concern’s 
organizational plan. There is no generally 
applicable rule. 


CLimic ttl 


Subject: Single Versus Double Sampling 


for Acceptance Inspection. 


John W. W. Sullivan, Hill and 
Knowlton, New York, New York; 
Formerly Chief of Inspection, 
Industrial Division, Cleveland 


Chatrman: 


Ordnance District. 


economi - 
how- 


Double sampling is in general more 
cal than single sampling. Specifically, 
ever, the decision to use double sampiing 
must be made in terms of the available space 
} the additional 


the availabie 


in the receiving area, time 
thet lots are held inreceiving, 
inspection staff (particularly important, if 
rejected lots are returned to the vendor for 
detailing), the attitude of the 


difficulty of selecting random samples, the 


inspectors, 


complexity of the inspection operation. 

The operating characteristic of single 
sampling differs from that of double sampling. 
Also the relationship between the operating 
characteristic of the two plans depends upon 
whether a plant's acceptance inspection is 
based on Lot Quality Protection or 
Quality Protection. 

When Lot Quality Protection isused, double 
sampling gives better protection to the pro- 
ducer when good quality lots are offered; 
double sampling will accept a higher percent- 
age of lots of quality better than the lot 


Average 


tolerance fraction defective; single sampling 
gives no better protection to the consumer 
than does double sampling when poor quality 
lots are offered. 
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When Average Quality Protection is used, 
double sampling gives better protection to 
the producer when good quality lots are 
offered and better protection to the consumer 
when poor quality lots are offered. Single 
sampling will require more inspection than 
double sampling for good quelity lots, while 
single sampling will require less inspection 
lots. 

Follow 


the sample sizes and acceptance numbers of 


than double sampling for poor quality 

Do not improvise sampling plans. 
an established plan. Improvised plans shift 
the risks of both acceptance and rejection, 
and result in loss of the most economical 


sample size. 
CLimic iv 


Subject: Quality Control as a Cost Re~— 


duction Instrument. 


Walker, 


Erie, 


Chatrman: James General Electric 


Company, Pennsylvania. 


Savings come from a higher percentage of 
marketable product from a given amount of raw 
The 


recognize 


material, machine-hours, and man-hours. 


sequence of action is first to 
trouble, second to analyze the difficulty 
with the aid of frequency distributions and 
control charts and third to take corrective 
action. The third step usually requires 
joint action of production and engineering. 
For example, an automatic screw machine was 
turning out 62 per cent scrap; control chart 
analysis showed that the machine was not cap- 
able of holding the drawing tolerance. The 
15000 parts 


produced contained only 23 rejects. 


machine was rebuilt; the next 


Quality control should be introduced into 
a plant by selecting initially an operation 
which is causing trouble but which will not 
involve too much complication in getting 
corrective action. Move from simpler cases 
to more involved ones as more experience is 
gained. 

In a job shop use the control chart to 
classify machines according to the tolerances 
Allocate 


orders to machines according to this class- 


they are capable of holding. job 
ification. 

This clinic discussed the relation of 
quality of product to wage payment plans. 
They concluded that Jabor contracts should 
be written so that the rates apply to market- 
where a piece 


able product. In particular, 


rate is in effect, themachine operator should 
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be charged with defective work when the fault 


originates with him. 


CLimwic ¥ 
Suodject: Application of Control Charts to 


Screw Thread Problems. 


Richard W. Coolbaugh, Assistant 


Chief Inspector, Easy Washing Ma- 


Chairman: 


chine Company, Syracuse, N.Y. 


Control charts can be used to determine 
the following: (1) what can be expected from 
each machine, (2) whether thenatural tolerance 
of a machine is satisfactory to produce the 
class of thread desired, (3) the progressive 
variation of critical dimensions, (4) the 
natural variation of the inspection system. 
The gaging points to be controlled are pitch 


lead 


diameter, major diameter, minor diameter, 


and thread angle. Precision gaging is requir- 


ed. Major diameter can be measured with a 
micrometer, minor diameter with a comparator, 
lead with a comparator, and thread angle with 
a shadow graph or comparator. 

Pitch diameter and lead error are the two 
most important characteristics of screw threads 
and theyare themost like’y sources of trouble. 
Variations in pitch diameter are dependent 
upon lead error. Therefore the reduction of 
lead error to a minimum isthe first requisite 
of thread control. Lead error may be caused 
by the lead screw, by back lash in the gears, 
by varying frictional resistance, by vari- 
ations inline center of the set-up and thread- 
ing tool, by chip breaking, byimproper grind- 
ing on chasers or tap. 

The next step isto evaluate inspector and 
gage precision. This is done by measuring the 
variability of results of repeat measurements 
of the same piece for inspectors and the con- 
stant checking of line geges with laboratory 
controlled masters. Control charts for main- 
tenance of pitch diameter can then be set up 
with control limits adjusted for lead error, 
gage repeat error and inspector error. 

Screw thread control requires a thorough 
knowledge of thread fundamentals and thread 
inspection methods. Troublesome thread pro- 
duction problems must be analyzed by pre- 


Production can 


Clifford A. Wallace, 
Camera Works, 


Chairman; Superinten- 


dent of Quality, 
Eastman Kodak Company, Rochester, 


New York. 


inaccurate inspec- 
Such 
in which the 
in which the 


Gage control, 


Control charts based on 
tior records are worthless. inaccuracies 


are of two kinds: those inspec- 
and those in- 


tor is at fault, 


spection equipment is at fault. 
therefore, isa fundamental of quality control. 
A definite program for control of accuracy of 
is as to the quality depart- 


is the production scheduling depart- 


gages important 
ment as 
ment to the production department. The gage 


program must provide for checking of all in- 


struments and equipment at sufficiently fre- 


quent intervals to insure accuracy. For most 


line equipment this means checking at the end 
of each shift. 
Any concern that expects to 


work should consider the desirability of estab- 


do precision 


Such a laboratory 
pay 


in a 


lishing a gage laboratory. 
can be set up for about $35,000 and will 


itself even 


‘or in quality of product 
lant of moderate size. 

This clinic brought ina concrete proposal 
chat a separate committee of the Rochester 


Quality Control Engineers should be established 


‘for the discussion of gage control problems. 


CLIWIC Vil 


Subject: Recent Developments In Gaging 


Practice. 


Chauncey G. Newton, Manager, Small 
Tool and Gage Department, Pratt 
Chairman, 


Chairman: 


and Whitney Company; 
Rochester Chapter, American Soci- 


ety Tool Engineers, Rochester, 
New York. 
World War II has produced a new attitude 


The old idea of 


is now replaced by constructive 


toward gaging. "necessary 


evil* recog- 


nition of the inherent value to a plant of 


adequate inspection. The control feature of 

in- 
gage 
and to standardize gaging procedure. 


inspection has encouraged management to 


stall the proper gages, to provide for 
control, 
Such standardization has led tothe use of the 
proper gaging equipment and provision of in- 
struction in the reading of measurement gages. 

The problems of maintenance of the accuracy 
of fixed gages led to a discussion of the 
desirability of maintaining a certified set 


of gage blocks as a part of the equipment of 








Cision inspection equipment. 
then be followed by the use of control charts 
set up in comparative units of the related 
characteristics involved. 
CLimic Vi 
Sudject: Quality Control Through Gage Con- 
trol. 
17 
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@ gege testing laboratory. Emphasis was 


placed on the general tendency to replace 
fixed gages with indicating gages. Two pria- 
The indi- 


initiel cost, but 


ary advantages explain this trend. 
cating gages have higher 
their 
make them cheaper in the long run. The measure- 


longer life and lower maintenance cost 


ments produced by the indicating gage permit 
sensitive reading of variability of dimensions 
and allow the Quality Engineer to detect with 
the aid of the control chart the entrance of 
extraneous factors which lead toscrap, rework, 


and repair. 
CLimic vill 


Methods of Reporting Quality Per- 
formance to Management. 


Suodject: 


General Sales 
Company, 


Chairman: Williem A. Kerr, 
Manager, Spencer Lens 


Buffalo, New York. 


There are toomany cases inwhich management 
does lip service to quality control methods, 
but does not go to the trouble of discovering 
what «a powerful tool of management the control 
procedure really is. this 
attitude will be fatal to a quality control 


In the long run, 


system and in some cases there is not much 
that can be done to make management aware of 
the possibilities of control chart analysis. 
In most cases the support of management can 
be obtained by effective reporting of results 
obtained. 

Reports of the Quality Engineer to his 
immediate superior should be in the language 
of the control procedure in operation. The 
same applies to reports circulated among the 
operating supervision staff, including En- 
gineering. However, in every plant there is 
a management level above which quality re- 
sults must be summarized and the emphasis must 
be shifted from detailed quality results to 
overall quality status. It is quite likely 
that emphasis shouldalso be shifted to dollar 
savings. 

Detailed quality reports go to technicel 
supervision, summary reports go to adminis- 
trators. There Send to 
anyone in a management position a report in 
the form needed for him to take action of 
the type which his office authorizes. 

The following specific subjects were dis- 


The use of a demerit system for com- 


is a broad rule: 


cussed: 


bining defects in @ summary report of the 
quality status of finished products or for 
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then adhere to your schedule. 


cost evaluation, a rating scheme for evalu- 
ating the quality of work done by subcontract- 
ors. Manegement reach their 
destination as quickly as possible, establish 
a regular schedule for issuing reports and 
Quality En- 
gineers must prepare their reports with full 


reports must 


understanding of the character end personality 
of the individual of management to whom the 
is addressed. 
more important than rules in determining the 


report Hence good judgment is 


form and content of management reports. 
CLimic Ix 


Suoject: Role of Inspection in Development 


of New Product. 


Chairman: Eugene L. Grant, Stanford Univer- 
sity, Palo Alta, California. 


Inspection makes four constructive con- 
tributions to the development of new products: 
(1) Inspection records on pilot production 
provide to design engineers knowledge on which 
to base product improvement, (2) Analysis of 
inspection records shows comparative economy 
of alternate designs, (3) Inspection records 
give information concerning the natural toler- 
ances of machines and their availability for 
particular jobs, (4) Inspection aids in the 
education of research and development groups. 

This clinic recommends that in every plant 
attention should be given to the problem of 
breaking down thebarriers between inspection, 
design, and production. The clinic offers the 
committee system of resolving disputes ald 
suggests that the Quality Control Engineer 
with his objective records is an indespens— 
able member of the committee. 


EVEWING SESSIO* 


A very complete gage exhibit was displayed 
in the interval between the close of the 
clinics and the evening dinner. At the dinner, 
the assembled guests heard Lewis B. Swift, 
President of Taylor Instrument Company speaking 
as Chairman of the Industrial Management Coun- 
cil comment on the afternoon activities. Martin 
A. Brumbaugh of the University of Buffalo 
Summarized the discussions of the afternoon 
and the conclusions reached by the clinics. 
George D. Edwards, Director of Quality Assur- 


ance, Bell Telephone Laboratories was the 
speaker of the evening with the subject, “The 
Future of Quality Control". 
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CURRENT PUBLICATIONS AND BIBLIOGRAPHY 





A page of each issue of the Journal is de- 
voted to brief reviews of articles on Statis- 
tical Quality Control appearing in current 
publications. Earlier issues of the Journal 
contain bibliographies of materials published 
The purpose 


in former years. is to provide 


readers with a permanent reference list. In 
compiling this historical list omissions are 
inevitable. Assistance from readers by supply- 


ing missing references will be appreciated. 
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NOTES 


Assistant Chief In- 
Syra- 


tichard Coolbaugh, 
spector, Easy Washing Machine Company, 
N.Y. 
Quality Control Technique at Syracuse Univer- 
E.S.M.W.T. 


use, is conducting an evening course in 


sity under auspices. 





Dr. 
ultant, 


Edwin G. Olds, Chief Statistical Con- 
Office Of Production Research and 
visited 


Development, War Production Board, 


ypiants in the Buffalo area February 23 and 
24, 


Rochester 


following similar visits in Syracuse and 
including 


Febru- 


earlier in the weex, 


participation in the Rochester Clinic, 


ary 20. 





Martin A. Brumbaugh spoke on Quality Con- 
the March 7 meeting of the Niagara 


Industrial Engineering Society. 


trol at 


Frontier 





Prof. Harry Lowerg, Cornell University, 
is conducting Quality Control classes at 
Curtiss-Wright Aeronautical Corporation, 


Buffalo Plant. 





intensive courses in Qua- 


the Office of Production 


The eight day 
lity Control of 
Research and Development 
The course at Ohio State University, 
7-15, had 116 students 
eight days and nearly twice 
the Executive Session. The course at North- 
March 14-22, 


are going forward. 
February 
in attendance for the 


that number at 


western University, is about to 


The next 





start as this is being written. 
course is scheduled at University of Iowa, 
May 16-24. 

At the Rochester Clinic, February 20, three 


life memberships were awarded in the Rochester 


Quality Control Society. The recipients 
M. Herbert Eisenhart, President, 
Lomb Optical Company, George D. 
Edwards, Director of Quality Assurance, Bell 
Telephone Laboratories, New York; and Martin 


A. Brumbaugh, University of Buffalo. 


were 
Bausch and 


Rochester: 





the 


Miss Bernice Cohen recent graduate of 


University of Buffalo is now employed 
statistician in the Quality Control Depart- 


ment of Colonial Radio Corporation. 





Alfred J. Winterhalter of Colonial Radio 


Corporation will address the Newark Society 


Statistical Quality Control at their 
March 29 meeting. The subject of Mr. 
talk "The 


Quality Control System". 


For 
Winter- 
Instaltation of a 

Enoch B. 
of Bell Telephone Laboratories will 
"Control Chart 
Ralph 
Director of Quality Control, Gen- 


halter'’s is 
Ferrell, 
also 
speak end has for his subject, 
Analysis of Performance During Life". 
E. Wareham, 
eral Electric Company is the meeting Chairman 
the electrical 


the 


and four men, prominent in 


field have been selected as leaders for 


discussion period. 





Martin A. Brumbaugh, Vice 


Vernon Grom, Secretary 
Peter DiPaola, 
Robert Funk 

Kenneth Conrad 
Geoffrey Letchworth, 


George V. Herrold 


Treasurer 


Jr 





INDUSTRIAL QUALITY CONTROL 


THE SOCIETY OF QUALITY CONTROL ENGINEERS 


of THE EXECUTIVE BOARD 


EDITOR: Martin A. Brumbaugh, 
Members 
Alfred J. Winterhalter, President 


President 
Curtiss Wright Corp., 
Curtiss Wright Corp., 


University of Buffalo 
Buffalo 14, New York 


Crosby Hall, 


Colonial Radio Corporation 
University of Buffalo 
Buffalo Plant 
Kenmore Plant 
Spencer Lens Company 

DuPont Cellophane Company 
Barcalo Manufacturing Company 
Colonial Radio Corporation 








20 





